In modern society optoelectronics materials are used in common life owing to its verity of applications. Therefore it is important to have a comparative understanding on thermophysical properties of recent developed materials for their potential uses. This work demonstrate the comparative study of average coordination number r , glass forming ability (GFA), thermal stability factor (S), crystallization activation energy (E c , and heat capacity ( C p for Se 98−x Zn 2 In x (X = 0 2 4 6 and 10) and Se 93−x Zn 2 Te 5 In x (X = 0 2 4 6 and 10) chalcogenide glasses. It has been noticed that the incorporation of fixed amount of Te with increasing In concentration influences the structural units and thermophysical properties of under test materials. The described thermophysical parameters values have been achieved higher and lower respectively in Se-Zn-In and Se-Zn-Te-In materials at chemically thresholds compositions.
INTRODUCTION
Chalcogenide glasses are the applicable materials [1] [2] [3] [4] [5] [6] which used more than three decades in optoelectronics technologies. These applicable materials exhibited verity of thermophysical and optoelectronics properties during the performances. [7] [8] [9] [10] [11] Thermophysical properties of these materials are extensively influenced from the structural units or avarage coordination number r and constituents of the alloys. [12] [13] [14] [15] [16] Change in physical parameters affects the performances of materials in infrared transmission and detection, threshold and memory switching, 17 optical fibers [18] [19] [20] functional elements in integrated-optic circuits 21 non-linear optics, 22 holographic and memory storage media, 23 24 chemical and bio-sensors 25 26 and infrared photovoltaics 27 etc. Specifically thermal stability over to instability of chalcogenide glasses during the performances is the major issue. To resolve this problem investigators demonstrated that the metal containing alloys, like Se-Te-Cu, Ag-Se-Ge, Cu-As-Se, Cd-Se-Te, W-Co-Se, Se-Te-Zn, Se-Sb-Ag, Fe-Se-Ge-Sb, As-Se-Tl etc. [28] [29] [30] [31] [32] [33] [34] [35] [36] in recent year studies, materials which show scientific advantages over to non metallic chalcogenide alloys. Outcomes of these studies reveal an addition of metallic or semimetallic elements in glassy configuration can partially over come to described prime difficulty. In order to achieve improve physical properties in this kind materials, we were also demonstrated the thermal, optical, electrical and dialectical properties of Se 98−x Zn 2 In x 0 ≤ x ≤ 10 ternary and Se 93−x Zn 2 Te 5 In x 0 ≤ x ≤ 10 multicomponent chalcogenide glasses in our past studies. 12-16 37-40 Previous studies on these materials demonstrated that the alloying elements concentrations play an important role in their thermophysical property variations.
In order to see the effect of fixed amount of Te and variable In concentration in our previously studied chalcogenide alloys 12-16 37-40 an additional work is required. Herein an effort is made to explore the comparative composition dependence effect on structural units r , glass forming abilities (GFA), thermal stability factors (S), crystallizations activation energies (E c ), and heat capacities ( C p of Se 98−x Zn 2 In x and Se 93−x Zn 2 Te 5 In x (X = 0 2 4 6 and 10) chalcogenide glasses.
EXPERIMENTAL DETAILS
Bulk glassy materials were prepared by the melt-quenched technique. High-purity selenium, zinc, tellurium and indium were used. The appropriate amounts of the elements were weighed with an electronic balance. The weighed materials were put into clean quartz ampoules (length ∼ 8 cm and diameter ∼ 12 mm), which were evacuated and sealed under a vacuum of 10 up to 1173 K and kept at that temperature for 10-11 h. During the heating process the ampoules were frequently rocked to ensure homogeneity of the molten materials. After the achieved heating time, the ampoules were rapidly quenched in ice-cooled water and finally ingots of the glassy materials were removed from the ampoules. Differential Scanning Calorimetry (DSC) measurement results were used for the thermal characterizations of materials. 16 38-39 The instrument was calibrated for each heating rate with materials well-known melting temperatures which supplied with the instrument. Melting enthalpy of indium and lead were used for lower and higher limits. The prepared glassy samples (5-8 mg) were loaded into aluminum pans for each continuous heating rates ( = 5 10 15 and 20 K (min) −1 .
RESULTS

Structural Units or Average Coordination Number
It is well accepted for chalcogenide glasses the physical properties of materials are closely related to structural units r . Phillips in 1979, 41 Thorpe in 1983 42 and Tanaka in 1989 43 fundamentally demonstrated the relations between r and properties of covalent network glasses. Outcomes of these fundamental studies revealed the existance of two topological threshold magic numbers r = 2 4 and r = 2 6 for the network solids. Phillips and Thorp interpreted the network transformation at the first threshold magic number r = 2 4 in these words; the network becomes rigid and rigid network clusters percolate and then network goes through a phase transition. In order to define these materials Phillips and Thorp have also demonstrated that the structural units values above and below 2.4 (2 4 < r < 2 4) belong to overconstrained (rigid) and underconstrained (floppy) networks modes.
Afterward Tanaka was extended this original idea, he assumed that a planar lattice-like entity of glassy structure as a basic molecular entity lies in a threedimensional space. The literal meaning of the Tanaka assumption can be interpreted as; the number of angular constraints reduced and consequent rigidity threshold appears at r = 2 67. At r = 2 67, two-dimensional glass appears to be stable in three-dimensional space. Thus, Tanaka's threshold ( r < 2 67 and r > 2 67) has divided the molecular-like continuous three-dimensional network structure. In contest to this study several authors 44 have been studied the composition dependence structural units r for network glasses and they show it remarkably vary with alloys compositions without having fixed Tanaka threshold value. The disputed outcomes of several studies for network structure reveal the structural units r threshold can be existed between 2 to 3 in real chalcogenide glass. In this order author has also evaluated the subjected glasses r values which vary between 2.04 to 2.15 ( r Se−Zn−In = 2 04 2 06 2 08 2 1 2 14 and r Se−Zn−Te−In = 2.05, 2.07, 2.09, 2.11, 2.15). Effect of fixed amount of tellurium incorporation in multicomponent glassy configurations is clearly exhibited in Figure 1 . Incorporation of fixed amount of tellurium has enhanced the values of r for Se-Zn-In glasses.
GFA and Thermal Stability Factor
Glass froming ability (GFA) and thermal stability factor are the key parameters of glassy materials to define their utility. GFA and thermal stability of vitreous materials can be establish from the DSC measurement analysis. GFA and thermal stability factor can be evaluated by mean of the difference between the crystallization temperature (peak temperature T p and/or onset temperature T c and the glass transition temperature (T g . This difference varies with alloys concentrations and constituents of the compositions. To obtain the GFA and thermal stability of chalcogenide glassy materials several quantitative methods have been introduced by the investigators. 45 46 Dietzel has introduced the first GFA criterion D T = T c −T g and Hruby 47 developed
Here stability factor (S) is obtained by employing the Saad and Poulin [S = T p − T c (T c − T g /T g ] criterion 48 while glass forming ability is described from Hruby H R criterion. 47 The correlative results of GFA and thermal stability factor at different indium concentrations are given in Figures 2, 3 . GFA and thermal stability factor have obtained higher for Te containing glasses and in both series structural thresholds occur at 6 indium atomic weight percentage.
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Crystallization Activation Energy
Crystallization activation energy of the glasses represents the involvement of molecular motions and rearrangements of the atoms around the critical transition temperature. 49 Crystallization activation energy can be evaluated from non-isothermal DSC measurement where atoms undergo infrequent transitions between local (or metastable state) potential minima, which separated from the different energy barriers in the configuration space. A stable glass configuration has a local minima structure. Mean atoms possessing minimum crystallization activation energy has higher probability to jump in metastable state of lower internal energy. 50 Thus the crystallization activation energy of a glass is amount of energy which absorbed by a group of atoms for a jump from one metastable state to another state. 50 51 Subjected glasses crystallizations activations energies have been described in our previous studies 16 38 where E c obtained by employed the Augis and Bennet approximation. Here comparative variation trends of crystallizations activations energies of Se-Zn-In and Se-Zn-Te-In glasses are in under discussion, which has been given in Figure 4 . Outcomes revealed that the addition of metallic chalcogen element Te as cost of Se reduced the crystallizations activations energies of Se-Zn-In alloys and minimum at chemical threshold value.
Heat Capacity
Heat capacity ( C p of optoelectrics materials is important to define the energy/data storage capability. Heat capacity can be also described with help of DSC traces of the materials. Peaks in DSC traces arise due to thermal relaxation from a state of higher enthalpy toward to metastable equilibrium states of lower enthalpy. Such process of thermal relaxation depends on temperature and may quite fast near the critical transitions temperatures. The glass transition peak in DSC measurement arises due to abrupt change in specific heat and decrease in viscosity, 52 while the crystallization peak cause the production of excess free-volume. Here heat capacities of under examine glasses are evaluated on onset crystallizations temperatures at heating rate 10 K/min by employing following well known relation;
where H is the change of heat flow through a sample of mass m, is the heating rate. The value of the normalized change of heat flow ( H /m) is obatined by DSC traces. Obtain results revealed the C p (see Fig. 5 ) of studies glasses drastically changed with indium concentration and higher for Se-Zn-Te-In alloys. 
DISCUSSION
Structural units and thermophysical properties variations in test glasses could be explained on basis of bond theory of solids. If the bond energies are assumed to be additive, the cohesive energies can be calculated by summation over the bonds present within the glassy structures. 53 It is expected to metallic Zn bonds dissolved in Se chains and make Zn-Zn, Se-Se and Se-Zn homonuclear and heteronuclear bonds. Essentially, binary Se-Zn glassy alloy Se 2 Zn 4 has a cross-linked heteronuclear metastable state structure and corresponding rigidity of structural units belong into floppy mode. 14 16 Owing to thermal agitation or fluctuation 54 the cross-linked heteronuclear metastable structure has relaxed into a Se 2 Zn stable structure and affects the rigidity of structural units. Further incorporation of foreign element indium makes to ternary configuration and possibly contains Se-In, Zn-In Se-Zn-In heteronuclear bonds with other homonuclear bonds. The strength of existing homonuclear and heteronuclear bonds influences from the indium alloying concentrations and produced the significant changes in thermophysical properties.
Further incorporation of fixed amount Te in Se-Zn-In configuration produced more defects in density of localized states (due to addition of metallic chalcogen element Te as cost of Se) under this situation it is expected to existing Zn-Zn, Te-Te, Se-Se, Se-Zn, Se-Te, Se-Zn-Te homonuclear and heteronuclear bonds could be play prominent role. Moreover, due to incorporation of increasing amount of indium concentration the existing Se-In heteronuclear bonds could be play an important role in variation of physical properties because fixed amounts Zn and Te. In influence of high order defects the maximum cross-linking has occurred at the chemical threshold (6 wt.% of In). Hence the large number of cross-linking density in localized states is accounted for higher and lower values of glass forming ability (GFA), thermal stability factor (S), heat capacity ( C p and crystallization activation energy (E c at threshold composition. Addition of indium content beyond the chemical threshold reduced the steric hindrance (or defects) in the density of localized states owing to increase In-In bonds concentrations in the configuration. As consequence an increase and decrease trend is noticed in values of E c , GFA, S, C p at 10 at. wt.% of In. 55 
CONCLUSIONS
In summary, author has compared the structural units and thermophysical properties of Se-Zn-In and Se-Zn-Te-In chalcogenide glasses. Results revealed that the thermophysical properties of subjected materials drastically are changed with indium concentrations. Addition of fixed amount tellurium concentration in Se-Zn-In configurations increased the structural units values, glass forming abilities, thermal stability factors, heat capacities and decreased crystallizations activations energies values. Consequently it is also concluded that both series Se-Zn-In and Se-Zn-Te-In glasses have a phase reversal at 6 atomic weight percentage of indium. At chemical thresholds the physically enhanced thermal parameters values (higher and lower values in respective manor) have been achieved owing to existence of large number of heteronuclear bonds cross linking density in localized states.
